Abstract-Evacuation activities can be evaluated using different simulation models. However, recently, microscopic simulation models have become a more popular tool for this purpose. The objectives of this study are to model multiple evacuation scenarios and to compare a microscopic traffic simulation tool (in this case INTEGRATION) against a mesoscopic traffic simulation tool (MATSim). Given that the demand was the same for both models, the comparison was achieved based on two indicators: estimated evacuation time and average trip duration. The results show that the estimated evacuation times in both models are similar since the input traffic demand governed this measure. However, the evaluation also shows a considerable difference between the two models in the average trip duration. The microscopic traffic simulation tool produces logical results with trip durations increasing with increased traffic demand levels and decreasing road capacity scenarios, whereas the average trip duration using the mesoscopic simulation tool decreases with increasing demand levels and increasing road capacity scenarios.
I. INTRODUCTION
Several evacuations have been modeled using transportation software to enhance evacuation planning. Models used for evacuation planning are categorized into microscopic, macroscopic, and mesoscopic simulation models. Microscopic models track the individual traffic elements in the system, vehicles and travelers, at a very high level of resolution [1] . Macroscopic models depict traffic stream behavior as a compressible fluid using fluid dynamics concepts. Mesoscopic models track travelers and vehicles at an aggregate level of detail. Alsnih and Stopher [2] described different traffic simulation models and emergency evacuation models, including microsimulation models, which have become more popular in evacuation planning since microscopic simulation tools can track individual vehicle behavior and the decision-making of individuals can be modeled.
The objective of this study is to evaluate the performance of two simulation platforms for evacuation analysis. This comparison includes different evacuation scenarios on a roadway network near Knoxville, Tennessee. A microsimulation and a meso-simulation model were selected for this goal. The first model was INTEGRATION, which is a microscopic traffic assignment and simulation model [3, 4] . The authors decided to use INTEGRATION for the following reasons:
 The team has access to it and is very familiar with the source code,  INTEGRATION is the only software that models vehicle dynamics and uses state-of-the-art fuel consumption and emission models (VT-Micro),  The model can capture dynamic changes in the network, including incidents and actuated and adaptive signal controls,  The calibration and coding of the INTEGRATION software is easier than other microscopic software given that the model does not require many of the microscopic parameters used in other microscopic models, and  The software has been extensively validated and tested on realistic, large transportation networks. The second model was MATSim, which is an agent-based travel demand and mesoscopic traffic simulation model [5] . The authors decided to use MATSim because many researchers have used it for modeling evacuations and have shown that it performs very well for large scenarios [6] [7] [8] .
II. LITERATURE REVIEW
MATSim is an agent-based model that can be used to model evacuation scenarios. MATSim has been applied as an evacuation simulation model for many regions [6] [7] [8] . For example, MATSim was used to analyze an evacuation plan in Hamburg, Germany, since flooding in 1961 destroyed most of the city and killed 315 persons. The analysis showed that the current evacuation plan was sufficient to save people's lives [6] . MATSim has also been employed to find the best evacuation routes for escaping a tsunami [7] . The study compared two different evacuation routing solutions: the shortest path approach and the Nash equilibrium approach. The study found that the Nash equilibrium routing approach is better than the shortest path routing approach because the Nash equilibrium routing approach reduces the total evacuation time. MATSim was also applied to simulate a large-scale pedestrian evacuation. The study objective was to allow evacuees to optimize their routes. They used the Nash equilibrium concept to reduce the congestion in the network and achieve their objective. The results computed the predicted evacuation time and bottlenecks within the system. The results showed that the approach performed well for large-scale scenarios and that the queue simulation was able to capture the congestion effects of bottlenecks [8] . Studies have compared MATSim with other software, such as VISUM (a transportation planning system) in [9] . Gao et al. in [10] compared MATSim and EMME/2 (a complete travel demand modeling system).
INTEGRATION, which is a microscopic traffic assignment model [3] , has been used to optimize network traffic flows over time to improve evacuation planning by reducing delay, congestion, and increasing the number of saved lives. INTEGRATION was used to depict the reduction in flow due to congestion [11] . Chamberlayne et al. proposed a mixed integer linear program (MILP) that can capture the reduction in traffic flows due to congestion formations upstream of bottlenecks. They concluded that after using MILP with flow reduction, the model could give better accuracy in performing evacuation planning, and that therefore it predicts evacuation times more accurately. They showed that INTEGRATION can capture the flow reduction and capture the effects of congestion on queue discharge flows. INTEGRATION has also been compared with other software, such as VISSIM in [12] . The INTEGRATION and TRANSIMS software were compared in [13] .
The previous related work have used different computer models to estimate the evacuation time in specific regions, and some of these studies have made a comparison between different models. However, the proposed research extends the state-of-the-art in evacuation studies by making three major contributions, as follows:  The study evaluates 11 different evacuation scenarios that capture seasonal variations (summer, winter), day-of-theweek variations (midweek, weekend), weather impacts (normal, adverse), roadway impacts, peak construction workforce, and future demand; which have not been studied to this level of detail before.  Using the INTEGRATION and MATSim models to evaluate and estimate the evacuation times for these 11 scenarios. This study also compares the simulation components of the two models to evaluate their efficiency in evacuation planning.  This study quantifies the impact of congestion on the evacuation performance for both INTEGRATION and MATSim. The demand level was raised to 1.5 times the original demand for this purpose.
III. TRANSPORTATION SYSTEM MODELING

A. INTEGRATION Simulation Model
INTEGRATION is an agent-based microscopic traffic assignment and simulation software [3, 14] [15] , but has also been utilized for the evaluation of large-scale real-life applications. The INTEGRATION lane-changing logic has been described and validated against field data in an earlier publication [15] . Furthermore, Rakha and Zhang [16] demonstrated the ability of the INTEGRATION software to estimate the capacity of weaving sections by comparison to field-observed weaving section capacities. Because of the unique features available in INTEGRATION, it was used as a base model in this paper.
The input data for INTEGRATION are divided into fundamental data and advanced data. Fundamental data are essential to run the software. Advanced data are optional depending on which file are you interested in. In terms of outputs, The INTEGRATION model provides many output files depending on what the user needs, such as vehicle delay, vehicle stops, traces of individual vehicle movements, fuel consumption, and emissions. The output file can be by link, by vehicle, and by time sequence. In this paper, the output file that is needed to compute the total evacuation time is file 15, which provides a vehicle probe listing that chronicles the trip arrival and departure statistics of vehicles.
B. MATSim Simulation Model
MATSim, was developed jointly at TU Berlin, ETH Zurich, and the Senozon Company. It is an agent-based model [5] . It is capable of simulating vehicles and public transport in large detail, and can also simulate pedestrians or cyclists. MATSim is able to simulate large scenarios with several million agents. Moreover, the simulation processing time is very fast.
MATSim uses evolutionary optimization to optimize individual agent's choices for each plan. The optimization process maximizes the daily utility of agents. Each plan contains the start and the end time of each person, the location of the activity, and the choice of mode. The MATSim needs at least three input files to be able to run a scenario:
 The configuration file provides an easy connection between the user and the software.  The network file describes the node coordinates and link characteristics, such as length of the link, free-flow speed, and capacity of the link.  The demand file describes the daily activities of each agent.
For the purpose of this study, in the re-planning stage, the number of iterations was set to zero (i.e. re-planning was not activated) to ensure that the demand data were identical in both MATSim and INTEGRATION, and therefore, the comparison between the two models will be for identical conditions.
IV. STUDY AREA This paper studied an 814-km2 area near Knoxville, TN. This area could be exposed to a disaster that would impact both communities and transportation infrastructure, as when in 2015, a car on a CSX train carrying acrylonitrile material derailed and caught fire, and the county mayor asked residents to leave the area [17] . In this area, the roadway network consists of three primary categories of roads: local roads, State roads (Highway 58), and Freeways (I-40 and I-75). The network includes 794 nodes, 1,465 links, and 68 signals.
A. Simulation File Construction and Calibration
The road network needed for the simulation input files was constructed from a Geographic Information System (GIS) shapefile. A detailed field survey was conducted to obtain the characteristics of the primary roadways and validate the original coding of the network. Roadway characteristics obtained during the field survey included the number of lanes, lane width, intersection configuration, lane channelization and striping, geometries (curves and lengths), speed limit, and other necessary characteristics. This paper tests 11 different evacuation scenarios. These scenarios were created to cover seasonal variations (summer, winter), day-of-the-week variations (midweek, weekend), weather impacts (normal, adverse), roadway impacts, and future planning year with increased population and construction workforce in the city. These evacuation scenarios were generated based on the Criteria for Development of Evacuation Time Estimate Studies [18] . The differences between scenarios are in road capacity, free-flow speed, and demand level. A description of each scenario used in the study is provided below. weather, midweek and weekend evening period in the winter, i) Scenario 9: This scenario represents a typical normal weather, weekend daytime period in the summer; describes special events such as holiday parades and sporting events. These events frequently define the peak tourist population. Kingston, TN hosts the Smokin' the Water 4 th of July Celebration each year with activities centered on the Kingston waterfront at Watts Bar Lake. This scenario assumes that this event will result in peak tourist populations at transient facilities, j) Scenario 10: This scenario reflects a typical normal weather, midweek daytime period in the summer; describes different conditions that may impact a roadway segment such as vehicle accidents. This scenario assumes that a section of a westbound lane of I-40 is shutdown, and k) Scenario 11: This scenario represents a typical normal weather, midweek daytime period in summer; assumes that there is a construction site with certain amount of workers on-site. This scenario uses future population and increased future demand, which assumes that permanent resident and background traffic demand increase from 2015 to 2024 with a 2.64% annually increasing rate. The existing roadway system was used for this scenario and no roadway improvements were considered. In the case of adverse weather scenarios such as scenario 2 and scenario 6, roadway parameters were adjusted. These included the roadway capacities and free-flow speeds. These adjustments were based on the U.S Department of Transportation's Highway Capacity Manual [19] . In this case, the capacity of the roadway was decreased. At the same time, the free-flow speed and the speed-at-capacity, which will be impacted by the weather condition are also decreased. TABLE II presents the reduction factors that were made to the roadway capacities and free-flow speeds.
A random telephone survey of households within and surrounding area was conducted to interview a statistically representative sample of residents and to estimate the number of people that would be evacuating the area. It was designed to obtain information related to demographics and the commuting habits of residents. This information was used to identify factors affecting the evacuee trip generation time as well as other data to be used in the estimated evacuation time analyses. Demographic data were obtained from the U.S Census 2010 (projected to 2015). The demand file was composed of two parts: background/pass-through traffic and evacuation traffic flow. Background and pass-through traffic will exist at the time an order to evacuate is issued. To estimate the background and pass-through traffic, QUEENSOD [20] To validate the results of QUEENSOD and calibrate the network configuration, the output of the QUEENSOD, the O-D matrix, was used in INTEGRATION as the input demand file. The simulation was then run and the link traffic counts were recorded and calibrated against the observed traffic count data. Attributes of the network, such as speed limits and lane configurations, were modified and adjusted accordingly to match the observed traffic volumes. Fig. 2 shows the relationship between the observed link volumes and the simulation volumes. As can be seen, the results of the simulation were very accurate, with a coefficient of determination close to 1.0.
Fig. 2. Relationship between Observed Link and Simulation Volumes.
Evacuation traffic demand was modeled based on the population in the area, locations of major employers, and locations of parks, hotels, and other important landmarks. The demand file for each scenario was customized, taking into consideration the variation of traffic volume by time, season, day-of-the-week, and other impact factors. To compute the evacuation time, the following steps are adopted:
 The phone survey asked questions such as whether or not the respondents will be at work, if yes, will they return home before they evacuate, how long will they need to get prepared, etc. These data are aggregated and analyzed. Several time distributions are generated to describe the time people need to get prepared for evacuation. Such distributions are statistically aggregated to obtain the overall patterns of the time needed to prepare for evacuation.  The simulation starts with a 45 minutes background traffic simulation.  Starting from 45 minute, the background traffic gradually decreases and traffic volumes start to convert into evacuation traffic at a rate corresponding to time distribution that general public receives the evacuation order over time.  At 90 minutes the background traffic will stop entering the network.  The simulation continues to simulate each vehicle's movement and traffic condition in the network. Some assumptions were considered during running simulations for two models to make a fair comparison. These assumptions were made to ensure same input files that used in the two models, as follows:
 Both models had the same demand files.  Both models had the same network characteristics such as node, link, and signal timing files.  Each vehicle had the same O-D locations in both models.  The starting time for each vehicle was the same in both models.  No rerouting was considered since the study focuses on the simulation side that tests the consistency between the two models.  The re-planning stage was not activated in the MATSim model since this stage changes the O-D departure time and path (12) . This was to ensure that two models be compared for the same input data.
V. RESULTS AND DISCUSSION
This section discusses two different demands for each model, the base demand and the scaled demand (the base demand with a 1.5 scale factor). The team decided to scale the demand up for all scenarios to test the effect of congestion in both models. The two models were evaluated based on traffic assignment outcomes given the same input files. INTEGRATION was able to analyze the traffic in much more temporal detail since it generates high-accuracy output for each vehicle every 0.1 s. The comparison between models was achieved based on estimated evacuation time and average trip duration.
A. Estimated Evacuation Time
Evacuation time is the time from when the first evacuating vehicle enters the road network to the time when the last vehicle finishes its trip [21] . For the base demand, the estimated evacuation time values for both models were very close to each other Since the O-D file generates a long tail for trips. The long tail means that the departure time is distributed over a long period of time. The distribution of demand ensures that the network is not congested and therefore the two models generate similar results. TABLE III shows the estimated evacuation time. It also indicates that the percentage differences between both models are negligible. 
B. Average Trip Duration
Average trip duration was computed by taking the total travel time of all vehicles that needed to finish their trips and dividing by the total number of vehicles. TABLE IV provides the average trip duration values for the base and the scaled scenarios. This is attributed to the fact that INTEGRATION (INTEG.) captures the fluctuating congestion on the network, while MATSim is less sensitive to congestion. This finding is contrary to previous studies that showed the MATSim is realistic with capturing congestion in the network [9, 10] . For example, Scenario 10 in both models needed the longest evacuation time since it assumed that a section of a westbound lane of I-40, the major freeway linking west-east of the study area, is shutdown. Since a large portion of evacuees use I-40, scenario 10 should have a large average trip duration value due to the congestion caused by this decreased capacity on the major road. However, the average trip duration for Scenario 10 in MATSim had the lowest value. Finally, TABLE IV shows that Scenario 6 in both models had the largest average trip duration, which was caused by the reduction of free-flow speeds and road capacities values in the network.
Statistical analysis was performed to determine if there was any statistical difference between the model outputs. The analysis was done using different random seeds. The test was done by taking 20 different random seeds in INTEGRATION, and then constructing a MATSim input file (Demand file) based on the INTEGRATION generated vehicle file. The results show that there is sufficient evidence to conclude that the results from the two models were statistically different (pvalue < 0.0001). 1  21  19  10  52  34  36  2  25  19  23  58  34  41  3  22  20  7  44  33  25  4  22  21  4  40  33  19  5  21  19  8  53  33  36  6  30  26  13  63  44  30  7  22  20  7  42  33  23  8  22  21  5  40  32  19  9  24  22  11  46  35  24  10  24  18  25  57  31  49  11  25  20  21  61  35  43 VI. CONCLUSIONS AND FUTURE WORK This research attempted to evaluate and compare a microscopic and mesoscopic traffic simulation framework for evacuation analysis purposes. Specifically, the paper used the INTEGRATION and MATSim models for achieving this goal. A total of 11 different scenarios were modeled to reflect the effects of seasonal variations, day-of-the-week variations, weather impacts, special events, roadway impacts, and the peak construction workforce on the system evacuation. The total area covered was approximately 814 km 2 . The models were compared based on the estimated evacuation time and average trip duration. The estimated evacuation times of both INTEGRATION and MATSim were similar, with differences within 3%. The cause for the close values is attributed to the fact that the O-D demands had a long tail and thus the results were mostly impacted by the vehicle departure times rather than the actual travel times.
In the case of the average trip duration for the base demand and the scaled demand scenarios, the differences were considerably large reaching a 49% difference. Furthermore, MATSim appeared to produce some unrealistic behavior. Intuition would suggest that the average trip duration would increase with increasing traffic demand levels and decreasing roadway capacities. The INTEGRATION results were consistent with this intuition. On the other hand, the average trip duration using MATSim decreased with increasing roadway capacities and decreasing traffic demand levels. The differences in results between the two models increased significantly as the demand level increased, demonstrating that INTEGRATION was more capable of capturing the congestion effects associated with higher traffic demand levels.
In conclusion, if the final evacuation time is the objective of the study and the demand is low and follows a long-tail distribution then the use of MATSim could be adequate for evacuation purposes. However, if these conditions are not satisfied then the use of the INTEGRATION tool is highly warranted even though the model calibration and execution is slightly more challenging.
Proposed future work is to study the effect of extreme events on the evacuation process, such as traffic signal failures and vehicles running out of fuel. Traffic signal failures will definitely reduce the intersection capacity and increase the total travel time, as well as increase the chances of vehicle crashes at intersections. Such extreme events may produce congestion issues on the network, such as lane closures, and impede the movements of the vehicles.
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